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A. Amendments to the Specifications 

In addition to the ammendments submitted in August 2003, the Specification is amended as 
follows: 

Inventor: Paul A. LaViolette of Alexandria, VA Fresno. CA 
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Cross Reference to Related Applications 

This application is a continuation-in-part of U.S. application Ser. No. 09/924,134 filed on 
August 8, 2001 for an invention that claims priority to provisional disclosure application number 
60/224,002 filed on August 9, 2000. 

Background of the Invention 

Field of the Invention (Technical Field V 

Th e present invention relates to an Advective Solar Collector (ASC) described in this invention 
rektes-te for the field of water purification in that it can be applied used to distill water into fresh 
water. It also applies more generally to the technology of distilling fluids other than water such as 
alcohol or benzene. This still uses solar energy to evaporate feedstock fluid into a ducted airstream 
and subsequently condenses the vapor of this fluid from the airstream to produce a purified fluid 
that is free of dissolved salts and insoluble residues. Considering the example of water distillation, 
this apparatus may be used in areas where sunlight is available to distill, seawater, brackish well 
water, or contaminated river water for domestic or industrial consumption. In the application to 
agriculture, the ASC still may be used to desalinate agricultural drainage water for reuse in 
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irrigation. It may also be used to distill high-salinity water produced during the operation of oil and 
gas wells. As an example, in aged oil wells the ratio of produced water to oil can range as high as 
[[30]] 20 to 1. Disposal of this high salinity water by pumping it back into the ground under high 
pressure makes up a large fraction of the well's operating costs. With the ASC solar water still, this 
water may be processed at less than a third of the cost and in some extreme cases as low as two 
percent of the cost of subterranean pumping reinjection . while providing a useful water product. 
This multi-effect solar still may also be tised to process effluents from chemical processing plants, 
paper mills, and sewage treatment plants prior to discharge to the environment. It may also be used 
to distill radioactive waste water so that the effluent containing these radioactive salts and particulate 
matter may be concentrated prior to final separation or treatment. 

The ASC solar still may also supplement its solar energy input with the additional input of 
waste heat derived from an external source such as a power plant or air conditioning system, or it 
may use such waste heat as an alternate heat source during times when solar energy is unavailable, 
as during night time hours. Use of power plant waste heat for water cogeneration has the additional 
benefit that cool water would be returned to the power plant for cooling purposes, thereby 
eliminating the need for a power plant cooling tower. As is discussed further on, the ASC solar still 
may also be combined with a turbine generator to produce electrical or mechanical power as a by- 
product. 

Early solar still designs were of the greenhouse variety. As illustrated in FIGURE 1, the prior 
art greenhouse solar still absorbs solar radiation by means of a horizontal light-absorbing panel 
which in turn heats an overlying layer of water. The heated water evaporates, the vapor condenses 
on a cool, inclined window pane that forms the roof of the still, and the condensed droplets run 
down this pane to collect in a trough. All of the solar energy that is absorbed to evaporate water is 
discharged to the environment through the roof of the still in order to allow the vapor to condense. 
Greenhouse solar stills are of the single-effect type which means that they use the incident solar 
radiation only once to distill a given amount of feedstock water. Stills that recycle the heat of 
condensation to assist the water evaporation process are instead termed multi-effect stills. 

Greenhouse stills in tropical regions generally have a distillation efficiency of around 30%, and 
are capable of producing about 0.07 gal/ft 2 /day, or about 3 liters (1) per m 2 per day in tropical 
latitudes. In December 2002, the Intermediate Technology Development Group of the Schumacher 
Center for Technology & Development estimated that greenhouse solar still installations cost 
$95/m 2 . This implies a water cost of about $25 per 1000 gallons. By comparison, due to its multi- 
effect design, the ASC is able to achieve a much higher production rate. It would distill water at 
seven times the rate of a greenhouse solar still and at less than one-fourth of the cost. It is able to 
produce distilled water at a cost sufficiently low as to make it competitive with alternative methods 
of distillation such as reverse osmosis membrane technologies. 
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Description of Related Art: 

Note that the follo wing discussion refers to a number of publications bv author(s) and year of 
publication, and that d ue to recent publication dates certain publications are not to be considered as 
prior art vis-a-vis the present invention. Discussion of such publications herein is given for more 
complete background and is not to be construed as an admission that such publications are prior art 
for patentability determination purposes. 

Several other sol ar stills have used forced air advection to enhance their evaporation and 
condensati on processes. These include the prior art inventions of Beard (U.S. Patent No. 
3.317.4061 a nd Dobell (U.S. Patent No. 3.334.026) and the non-prior art still of ElDifrawi et al. 
(U.S. Patent No. 4.36 3.703) in which air is blown over solar heated water and the vapor is 
subsequently distilled bv passing the humidified airstream through a condenser. However, unlike 
the ASC still these f orced air circulation stills have their solar heated evaporator section physically 
separated from their condenser section. Except for a small portion which is recovered to heat the 
feedstock water that e nters the evaporator, most of the heat of condensation released in their 
condenser is not return ed to the evaporator hut is instead lost to the environment. As an example. 
one gram of feedstock water preheated in the condenser section might absorb about 40 to 60 
calories of heat to be re cycled to the evaporator, as compared with 540 calories of heat that are 
released in the conde nser as a result of condensing one gram of water from the advected airstream. 
Since only about 10% o f the heat of condensation is recycled, these feedstock preheater designs 
essentially function as single-effect stills. 

In the solar stills of Beard and ElDifrawi et al.. the evaporator and condenser air ducts are not 
juxtaposed and do not share a thermally conductive wall along their length, nor are thermal 
gradients established along the length of the air ducts to assist heat flow from the evaporator to the 
condenser. One version of the Dob ell design does have evaporator and condenser air ducts that are 
juxtaposed and sharing a common wa ll, but this wall is not made of a thin film or of thermally 
conductive material that would allo w heat to transfer at an appreciable rate from the condenser 
airstream to the evaporator airstream . The condenser chamber air duct is described as a vertical pipe 
positioned within, and concentric w ith, a vertical cylindrical evaporator chamber, the ducts being so 
arranged to take advantage of the c himney effect to assist the upward transport of warm air in the 
outer, evaporator air duct and the d ownward transport of cool air in the inner condenser chimney. 
As mentioned above, th ese three stills function essentially as single-effect stills. 

The non-prior art solar stills of Soleau (U.S. Patent No. 4.344.824) and Gahin (U.K. Patent 
Publication No. GB 2. 214.835 A) also use forced air advection to assist water evaporation, but 
differ from the advective stills of Beard. Dobell. and ElDifrawi in that both evaporator and 
condenser are located within the sa me enclosure. However, thev too function essentially as single- 
effect stills since they use their heat of condensation onl y to preheat the inlet water entering their 
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evaporators, this amounting to only a fraction of the total available heat of condensation. The non- 
prior art solar still of Gahin (1988) positions its evaporator and condenser air ducts adjacent to one 
another. However, unlike the ASC st ill, the partitioning wall which these air ducts share in common 
is only a structural feature and is not intended for heat transfer purposes. That is. it is not described 
as being thermally conductive or f or the purpose of allowing heat to move from the condenser to the 
evaporator air duct. Hence this still does not operate as a multi-effect still. Neither is its condenser 
air duct positioned between its evaporator air duct and the transparent wall that admits solar energy. 

At the time the ASC still was fir st conceived in 1975. no other prior art solar stills had used the 
idea of air ad vection within a sin g le encl os ure for the purpose of producing multi-effect distillation. 
Since that time an air advection. multi-effect solar still was developed bv Mink et al. f 1998). This 
non prior art solar still is similar to the ASC still to the extent that it also advects humidified air 
through an evaporator air duct and then into an adjacent condenser a ir duct in thermal contact with 
the evaporator air duct. However, the two stills differ in that the ASC still positions its condenser 
air duct above its evaporator air duct, instead of belo w this duct. Also the Mink et al. still partitions 
its evaporator and co ndenser air ducts bv m eans of an op aque metal sheet rather than hv a thin 
transparent film. Furthermore, this still circulates its ai r in an open loop whereas, the ASC still, in 
its normal configuration, circulates its air in a closed loop. 

The design features of the ASC still have several advantages over those of the still of Mink et al. 
First , by placing its condenser air duct above its evaporator air duct, the ASC design minimizes 
upward heat loss from it s evaporator ai r duct. The still o f Mink et al.. on the other hand, relies 
solely on t he insulating effect of its double glazed transparent cover to impede heat flow from its 
evaporator to the environment. As a re sult, the ASC still is able to achieve feedstock water 
temperatures in its evaporator air duct higher than tho s e achievable in the evaporator air duct nf the 
Mink still and also higher than those normally achieved in a greenhouse still- 
As mentioned earlier, the considerable length of the ASC still air ducts allows them to establish 
a large temperature differential bet ween their opposite ends when air is passed through them. A 
substantial air path length is necessary in order to allow sufficient time for the blown air to effect a 
substantial change of temperature h v either absorbing or discharging heat. The air flow path in the 
still of Mink et al., however, is rather short, being only a b out 2 meters in length. Also that still uses 
a sheet of copper as a thermal exchange partition between its evapo r ator and condenser, with this 
partition being in dire ct contact wit h it s pool of feed s t o c k water. The short length of the Mink et al. 
still and its use of a relativ ely high th e rm a l conductivity s urface in its wall structure both serve to 
reduce the magnitude of th e tempera tu r e gr adient that t h e still is able to establish along the length of 
its air ducts. For example, measurements s h o w that at i t s optimal air flow rate the Mink et al. solar 
still develops a temperature differential o f only about 3 to 4° C over 80% of its air duct length. By 
comparison, a 10 meter long ASC still would he able to achieve a temperature differential of at least 
10° C between its cool end and hot e nd. This temperature differential would increase as the length 
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of the still is increased, reaching 30° to 40° C for a 30 meter long still. With its large temperature 
differential, the ASC still is able to take advantage of the heating and cooling time lag of its advected 
air to develop a substantial temperatu re differential (e.g. 3° O between the evaporator air stream and 
its adjacent condenser ai r stream over mos t of the le ng t h of the still. By comparison, in the still of 
Mink et al. there is essentially no temperature differential between the evaporator and condenser air 
ducts over 80 percent of their contact length. Heat transfer in that still occurs primarily over about 
20 percent of the air d uct length where cool outside air enters the evaporator duct depressing its air 
duct temperature about 5° C relative to that of the condenser air duct below it. Consequently, the 
ASC design more effe ctively recuperates its heat of condensation for use in feedstock water 
evaporation. 

F. Rom has patente d an inflatable single-pass solar air heater in 1975 (TJ.S. No. 3.908.631 V 
According to this design, a fan was made to blow air down a long plastic film tube which had a 
light- transmitting upper laver and a black solar absorbing lower laver. During its passage down the 
length of the tube, the air was heated by contact with the hot floor of the tube and would exit at the 
far end of the tube wh ere it would provide a source of hot drv air for some application such as for 
ventilating a grain elevator. This design also made use of a second light-transmitting film overlying 
the first and inflated above it so as to provide extra ther m al insulation for retaining heat within the 
solar collector. G. Benjamin also pat ented a sing l e-pass, inflatable solar air heater in 1 984 fU.S. 
No. 4,458.673) (non-prior art). According to this variation, air is blo w n through a black central 
plastic air duct surrounded by a second inflated tube that is transparent on its upper surface, and 
reflective on its lower surfa ce. Howev e r , the R om a n d B enjamin solar air heaters were not designed 
for the purpo se of wat e r distillat ion . C onsequently, unlike the ASC still, these designs do not 
humidify their airstream. Also thev d o not reverse the air flow at the hot end of their air ducts so as 
to direct the flow back toward the coo l end of their ducts so as to facilitate heat exchange between 
juxtaposed air ducts. 

Edlin (U.S. Patent No. 3.174.91 5J has patented a greenhouse solar still which utilizes a 
transparent plastic film as its roof an d which utilizes an external blower to create a positive pressure 
within the still to inflate this roof. Unli ke the ASC still design, the Edlin still does not advect air in 
its interior air space, nor does it divide its interior air space into separate regions for evaporation and 
condensation. The Edlin still functio ns as a single-effect still whereas the ASC still functions as a 
multi-effect still. 

The idea of an air advection solar still that incorporates inflatable plastic film air ducts as its 
entire structure, or as a major portion of its structure, is a novel aspect, of one construction of this 
invention. This has the advantage of allowing the still to b e made portable for use in remote 
locations where a temporary supply of water is needed dur i ng a period of drought or other 
emergency. That is, the still may be rolle d up into a c omp act bundle for storage or transport and 
later unrolled and inflated whe n needed to he put into operation. The inflatable ASC still is also 
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useful in life support applications. For example, in the maritime application to lifeboat survival gear. 
its floor may be designed as an inflatable pontoon to allow the still to float on the ocean surface. 

Brief Summary of the Invention. 

A primary object of the pres ent invention is water purification and distillation of water into fresh 
water. A key distinguishing feature of the ASC solar still invention, and one of its primary 
advantages, is that it is able to establish a temperature gradient along its length within an air space 
that is thermally insulated from the environment and is able to use this gradient for conducting 
multi-effect water distillation. In addition, this thermal gradient may be used for the purpose of 
generating power. 

Like a conventional flat plate solar collector, the ASC solar still has a solar radiation absorber as 
its lower surface, preferably black in color, and one or more light-transmitting films or sheets for its 
upper surface; see FIGURE 2, FIGURE 3 and FIGURE 4. As in the greenhouse still, feedstock 
water covers the floor of the still to a depth of about a half an inch to a few inches. But in addition, 
the still includes a partition that extends horizontally along its length, situated midway between its 
lower solar absorber surface and its light- transmitting roof so as to divide its interior air space into 
lower and upper air ducts. The partition is both light-transmitting and sufficiently thin so as to 
allow heat to transfer at an appreciable rate from the upper condenser air duct to the lower 
evaporator air duct. As one example, this partition may be formed of a transparent plastic film 
having a thickness in the range of 0.5 to 10 mils. 

The still also contains a fan that forces air to circulate along the length of its air ducts. The fan, 
which is positioned within one of the air ducts preferably at one end of the lower evaporator air 
duct, blows air down the length of the duct. The advected air is heated and humidified through 
contact with the layer of solar heated water and is also heated through contact with the warm light- 
transmitting partition above it. This air progressively heats up and becomes saturated with an 
increasing quantity of water vapor as it passes down the length of the still. 

Upon reaching the hotter end of the still, the air passes from the lower air duct through a hole, 
or opening, in the light-transmitting partition and enters the upper condenser air duct. There, it 
reverses its flow to proceed back toward the cooler, opposite end of the still. As it proceeds, it 
progressively cools, losing heat upward through the light-transmitting roof of the still and 
downward through the film partition. As this air cools, fresh water condenses onto the walls of the 
upper duct and this condensate gathers at the edges of the air duct and flows toward the cool end of 
the still where it is pumped out. Upon reaching the cool end of the still, the air passes through 
another hole, or opening, in the light transmitting partition to reenter the lower evaporator air duct, 
and thus circulates in a closed loop. It is understood that a plurality of openings could be 
substituted for each of sai d end openings. 
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Just as there is a time lag in heating as the air flows through the lower evaporator air duct, so too 
there is a time lag in cooling as the air flows through the upper condenser air duct. The air in the 
upper air duct does not begin to cool immediately since the upper surface of this air duct is 
insulated from the outside air by one or more light-transmitting films or sheets. Consequently, the 
temperature gradients in the upper condenser and lower evaporator air ducts will be shifted with 
respect to one another so that the air in the upper condenser air duct, or the wall of its adjacent film 
partition, will be warmer than the air in the lower evaporator air duct directly below it, as illustrated 
in FIGURE 5. The resulting temperature differential causes heat to conduct and radiate through 
the plastic film partition from the upper to the lower airstreams. Consequently, a large fraction of 
the heat of condensation released from the upper airstream is transferred to the lower airstream 
where it assists the water evaporation process. Thus the ASC operates as a multi-effect solar still. 
The lower airstream is heated both by contact with the light-transmitting partition above it and solar 
heated water surface below it, while the upper airstream is cooled both by contact with the 
underlying light-transmitting partition and with the still's overlying light-transmitting roof. 

By having long air ducts, the ASC still is able to form a large temperature differential within the 
still from its cool end to its hot end. That is, the length of the air ducts is sufficient to give the 
blown air time to effect a substantial change of temperature as it absorbs heat in the lower 
evaporator air duct or discharges heat in the upper condenser air duct. Since air is able to hold an 
increasing amount of vapor with increasing temperature, a greater temperature differential along the 
length of the still will allow a given volume of advected air to evaporate and condense a greater 
quantity of vapor. This lengthwise temperature differential may be maximized by fabricating the 
walls of the air ducts from thermally insulating materials such as plastic film (or EPDM membrane 
for the floor of the still) so that heat from the hot end of the still is not easily conducted along the 
lengths of these walls to the cool end of the still. By ensuring that the partition between the 
evaporator and condenser ducts is sufficiently thin, heat from the condenser air duct will be able to 
flow into the evaporator air duct at a sufficiently high rate to allow recuperation of the heat of 
condensation. By also ensuring that this partition is light-transmitting, solar radiation may easily 
pass downward through the still, penetrating through the condenser air duct to the floor of the still 
where it assists water evaporation. 

Since heat escapes from a solar collector most readily through its upper, sun-facing surface, it is 
preferable to have the condenser air duct uppermost in the still so that any upward heat loss will aid 
condensation. This upward heat loss is instrumental in creating the thermal gradient along the 
length of the air duct as air is advected through it. Also, by placing its condenser air duct above its 
evaporator air duct, the ASC design minimizes upward heat loss from its evaporator air duct. For 
example, partition 10 dividing the two air ducts prevents vertical air convection currents from 
transferring heat from the lower evaporator air duct to the roof of the still. Also since water and 
humidified air acts as an infrared absorber, the warm, humidified air and condensate present in the 
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overlying air duct will impede radiant heat from escaping upward and leaving the evaporator. The 
ASC design, minimizes heat loss through the floor of the evaporator duct by ensuring that its 
evaporator air duct is lowermost in the still and that the floor of this air duct and its underlying 
insulating layer rests on the ground. Any heat escaping through the insulating layer will pass into 
the ground where it becomes stored for night time use, rather than being lost to the air environment. 

These design features together reduce the rate of heat loss from the ASC still which in turn 
boosts the temperature in its interior at both the warm and cool ends of the still. Since air's ability 
to hold water vapor increases exponentially with increasing temperature, it is beneficial for the 
overall temperature of the still's thermal gradient to be as high as possible so as to maximize the 
vapor-to-air ratio and therefore to maximize the rate of water distillation. Similar reasoning applies 
to the distillation of other fluid vapors. 

The ASC still will establish its greatest temperature differential between its hot and cool ends at 
an optimal advection velocity, i.e., at an optimal fan speed. This speed depends upon variables such 
as the cross sectional area of the air duct, the heat capacity of the advected air medium, the rate of 
solar energy input from the still's tight-absorbing floor, and the rate of heat loss to the environment. 
If the fan speed is too low, the air will attain its upper temperature limit before reaching the end of 
the lower air duct. If the fan speed is too high, the air arriving at the high-temperature end of the 
still will not yet have reached its potentially highest temperature. 

Higher fan speeds will transport air and vapor at a greater rate through the still but will also tend 
to reduce the magnitude of the still's lengthwise thermal gradient which, in turn, will reduce the 
amount of water vapor extracted from each unit volume of air. So, increasing fan speed too far will 
result in a decreased rate of water distillation. Since incident solar radiation and ambient air 
temperature change with time of day and season, an optimal thermal gradient along the length of the 
still could be maintained by varying the fan speed accordingly. One type of control circuit that 
might do this would use a timer to change the fan speed for various times of the day or night and 
would incorporate additional seasonal setti ngs to tailor the speed to the time of the year. If multiple 
fans are used to advect air down the length of the air duct, the control circuit might instead regulate 
the number of fans that are in operation at any one time. Alternatively, fan speed might be regulated 
according to sunlight intensity. That is, lower sunlight intensities, hence lower rates of heat input to 
the still, would require proportionately lower fan speeds to maintain an optimal thermal gradient. 
Due to the large heat capacity of the water covering the floor of the still, the maximum still 
temperature would be reached after noon peak solar intensity. Hence, if a photoelectric cell control 
circuit is employed to regulate fan speed, it is best to orient this photoelectric cell or photosensitive 
device to have maximum insolation in the early afternoon. A third type of control circuit might 
regulate the fan speed by sensing the thermal gradient of the lower airstream at the hot end of the 
still, using thermistors spaced apart by 10 percent of the length of the still. If the fan speed became 
too slow, then the lower airstream would reach its upper temperature limit before reaching the end 
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of the evaporator passage. The thermistors would sense the resulting low temperature difference 
and would increase the fan speed until a preset temperature difference was achieved. 

As illustrated in FIGURE 5, at any given location along the length of the still, the air 
temperature in the upper air duct will tend to be higher than that in the lower air duct. Anything that 
increases this temperature differential will increase the rate of heat transfer from the upper to lower 
air duct and hence will increase the distillation efficiency of the still. One way of increasing this 
temperature differential is to design the still so that the cross-sectional area of its upper air 
condenser duct is constricted near its warmer end and expanded near its cooler end. This causes air 
to move more rapidly down the length of the upper condenser air duct at the duct's warmer end and 
to move more slowly down the length of this air duct at the duct's cooler end. As a result, air in the 
upper condenser air duct will drop in temperature more gradually with distance as it advects down 
the length of the duct at the warmer end of the still and will develop a greater temperature 
differential in relation to the air in the lower air duct immediately below it. 

In summary, the ASC solar still differs from prior art solar stills in that it: 

a) establishes thermal gradients along its length that facilitate both the evaporation and subsequent 
condensation of its water or fluid, 

b) recycles a large fraction of its heat of condensation along most of the length of its condenser 
section to facilitate its evaporation process, and 

c) places a light-transmitting condenser section over its evaporator section to retard heat loss from 
the evaporator and to take advantage of the normal heat flow through its roof to have this heat be 
lost preferentially from its condenser section. 

As a result of these features, the ASC still is able to achieve a higher maximum temperature in its 
evaporator air duct and a higher maximum temperature differential between the warm end of its 
evaporator air duct and the cool end of its condenser air duct with a consequent higher rate of 
distillation. 

In addition to distilled water, the ASC still may produce shaft power or electric power as a by- 
product for use in operating its fan or for electric utility power generation. A condenser coil is 
placed in the lower air duct at the cool end of the still and an evaporator coil is placed in the upper 
air duct at the hot end of the still, both coils containing a working fluid. The working fluid pressure 
differential developed between the two coils may be used to drive a turbine or heat engine connected 
to an electrical generator for producing electrical power. Alternately, other means could be 
employed to extract heat from the warm end of the still for use in power generation. By amortizing 
the ASC still with respect to two by-products (power and distilled water) instead of one (distilled 
water), its economics become more competitive. 

The ASC still may also be designed so that it uses an external source of waste heat to 
supplement solar energy as its input heat source or to serve as an alternate heat source. For 
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example, it may use cooling water waste heat discharged from the heat exchanger of either a nuclear, 
fossil fuel, or geothermal power plant. Or, it may also use waste heat generated by an air 
conditioner heat pump. The ASC still may also use waste heat from an external source of solar 
heated water, such as, for example, heat captured in a hot brine solar pond. During daylight hours, 
heat from such external sources would supplement solar heating of the feedstock water, while 
during night time hours, the still's feedstock water would be heated solely by this external hot water 
source. This has the benefit of allowing the still to operate continuously day and night thereby 
increasing its production efficiency. 

Talcing as an example the use of power plant waste heat, hot cooling water exiting from the hoat 

exchangers of a power plant would be piped to an array of adjacent ASC solar still bays and made 
to flow through heat exchange pipes lying on the floor of each bay and directed along the bay's 
length. This water w r ould flow through those pipes from the hot end of the still to its cool end, 
giving up its heat to the feedstock water that covers the floor of the still and surrounds the heat 
exchange pipes. These heat exchange pipes would ensure that the power plant cooling water does 
not mix with the still's saline feedstock water. This cooling w^ator would exit the still at its cool end 
and be piped back to the power plant heat exchangers at a lower temperature. Since the cooling 
water would flow in a closed loop, the ASC solar still would servo as a cooling loop for the power 
plant (or air conditioner), thereby talcing over the function normally carried out by a wot or dry 
coolin g tower. Such co generation is par tic ularly advantageous in arid areas where water is scarc e. 
By r e cy c ling its cooling water through th e- ASC still , such an arrangement w o ul d co nserv e water 
that w o ul d otherwis e be evaporat e d as cooling water in a cooling tower. Furtherm o r e b y using its 
wast e heat to distill b rackish ground wat cr^-a power plant combined with an ASC still would 
fun c ti o n as a net producer of fresh wa terr-rat her than as a net water consumer : 

During daylight hours, the temperature of the feedstock water on the floor of the still could ris e 

above the water temperature passing into the still's heat exchange pipes due to the added caloric 
in put of th e incident solar energy. In such -a-ea se, it is advisable to control the inflow of power plant 
coo l ing flui d to the hot end of the still by - means of a temperature controlled valve which shuts off 
this fl o w w h en th e w a t e r temperature at t he hot end of the still exceeds some preset value 
approximating-th e tem p eratur e o f thi s p owe r plant cooling fluid. During this shut off period, the 
s-tiH-wouid-evapo rat e water from the fe e d stoc k pool that covers its floor, and the power plant cooling 
ffarid^tflew^ would b e divert e d to a ha t-fluid storage tank for later use by the still when the still's 
temp e ratur e had dropp e d sufficiently to a llo w fluid flow to resume through its heat exchange pipes. 
The fl ui d o utflow from the still's heat ex chan ge pipes would be directed to a cool fluid storage tank 
whieh-the^ower plant heat exch ange^may-d raw upon during daylight hours when fluid flow 
thr o ugh t h e stil l's h e at exchang e pipes is s hu t off. The use of the ASC still in conjunction with a 
p ower plant heat ex c hanger is illustrated in FIG URE 11 wher e t h e p ower plant ' s heat exchanger 
wo uld serve as the e xternal heat source. 
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In somo situations where the external hot water source is itsolf brackish and in neod of 

distillation, there would be no need to separate the external source of hot water from the pool of 
brackish feedstock water being evaporated in the still. Examples would include water from a 
geothermal well or saline water produced from oil and gas wells, which often can reach 
temperatures as high as 190° R In such cases, no heat exchange pipes would be needed. The 
external source of hot water would be made to enter at the hot end of the still and allowed to mix 
with the pool of feedstock water. Cool feedstock water would then drain from the cool end of the 
still at a lower rate. A drain pipe having its entrance one or two inches above the floor of the still 
would automatically regulate the height of the water in the still. The flow of feedstock water 
through the still may be relatively high in cases where a substantial amount of the cooled produced 
water must be pumped underground to prevent excessive subsidence of the land due to oil, gas, and 
water extraction. In such instances the waste brine outflow from the still for reinjection could be 
50% of the still's input feedstock flow rate. In cases where no brine reinjoction is necessary, th e 
brine outflow rate would be determined by the need to prevent salt precipitation within the still. In 
such a case the outflow rate may be only 15% of the inflow rate. As in the case where the ASC still 
functions as a cooling loop for a power plant, a temperature controlled valve could be made to shut 
off the inflow of hot feedstock water when the water temperature at the hot end of the still had risen 
above some preset value approximating the temperature of the incoming feedstock water. 

The ASC still may also be designed so that it circulates air through its air ducts in an open loop 
mode. In this case, the fan blows outside air into the lower evaporation air duct at the cool end of 
the still, the air passes to the warm end of the still, enters the upper condenser air duct, and returns 
to the cool end of the still where it exhausts to the atmosphere, instead of reentering the lower air 
duct. Although this open loop configuration would share many of the advantages of the closed 
loop design, such as multi-effect distillation, it would have the disadvantage that by exhausting 
warm humid air to the environment it would lose heat. With this heat no longer available to help 
evaporate water in the lower air duct, both the hot and cool ends of the lower air duct would shift to 
lower equilibrium temperatures. Since the saturation vapor pressure of air increases nonlinearly 
with temperature, this will result in substantially less water being distilled for the same amount of 
circulated air. An open loop design would be assisted if used in conjunction with the wet cooling 
tower of a power plant, the humidified exhaust air from the cooling tower being used as preheated 
air inputted to the lower air duct of the ASC still. Also, heat from the outgoing air could be partially 
recycled by passing the air through a heat exchanger to preheat the incoming feedstock water. 
Several-e ther solar stills have used fo rced air advection to enhance their evaporation and 



Se bell (U.S. No . 3 ,33 1, 026 ) and the no n-pri or art still of ElDifrawi et al. (U.S. No. 1 ,363,703) in 
which air is b lown o ver solar heat e d water and the vapor is subsequently distilled by passing the 
humidified airstream through a conde nse r - . However, unlike the ASC still, these forced air 




ide-the prior art inventions of Beard (U.S. No. 3,317, 1 06) and 
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circulation stills have their solar heated evaporator section physically separated from their condenser 
section. Except for a small portion which is recovered to heat the feedstock water that enters the 
evaporator, most of the heat of condensation released in their condenser is not returned to th e 
evaporator but is instead lost to the environment. As an example, one gram of feedstock water 
preheated in the condenser section might absorb about 4 0 to 60 calories of heat to be recycled to the 
evaporator, as compared with 5 4 0 calories of heat that are released in the condenser as a result of 
condensing one gram of water from the advccted airstroam. Since only about 10% of the heat of 
condensation is recycl e d, those feedstock prcheater designs essentially function as single effect 



In the solar stills of Beard and ElDifrawi et al., the evaporator and condenser air ducts are not 

juxtaposed and do not share a thermally conductive wall along their length, nor are thermal 
gradients established along the length of the air ducts to assist heat flow from the evaporator to th e 
condenser. One version of the Dobell design does have evaporator and condenser air ducts that are 
juxtaposed and sharing a common wall, but this wall is not made of a thin film or of thermally 
conductive material that would allow heat to transfer at an appreciable rate from the condenser 
airstroam to the evaporator airstream. The condenser chamber air duct is described as a vertical pipe 
positioned within, and concentric with, a vortical cylindrical evaporator chamber, the ducts being so 
arranged to take advantage of the chimney effect to assist the upward transport of warm air in th e 
ou ter, evaporator air duct and the dow nward- transport of cool air in the inner condenser c himn e y. 
As men t ioned above, these three stills fun c tion essentially as single - effect stills. 
— The non prior art solar stills of Sol cau-f l9 8 2) and Gahin (19 88 ) also us e forced air advection t e 
a ssist water evaporation, but differ from t he- adv e ctiv e stills of Beard , Dobell, and ElDifrawi in that 
b oth evaporator and condenser are locat cd-w ithin th e same enclosure. However , they t oo fun ction 
essentially as single effect stills since they use their heat of condensation only to preheat the inlet 
water entering their evaporators, this amounting to only a fraction of the total available heat of 
co ndensation . Th e non prior art solar stiH -e f Gahin (1988) positions its evaporator and condenser 
ai r duct s adja c ent to on e another . Howcv er-u nliko the ASC still, the partitioning wall which those 
air ducts share in common is o nly a stru ctur al feature and is not intended for hoat transfer purposes. 



At t he t i m e th e ASC still was first co nce ived in 1975, no other prior art solar stills had used the 

id ea of air adv ec tion within a singl e e nclosu re for the purpose of producing multi effect distillation. 
S in ce th at time an air adve c tion, multi effe ct- solar still was developed by Mink et al. (1998). This 
no n prior art solar still is similar to the AS €-s till to the extent that it also advects humidified air 
thr ough an evaporator air duct and then i nt o an adjacent condenser air duct in thermal contact with 
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the evaporator air duct. However, the two stills differ in that the ASC still positions its condenser 
air duct above its evaporator air duct, instead of below this duct. Also the Mink et al. still partitions 
its evaporator and condenser air ducts by means of an opaque metal sheet rather than by a thin 
transparent film. Furthermore, this still circulates its air in an open loop whereas, the ASC still, in 
its normal configuration, circulates its air in a closed loop. 

— The design features of the ASC still have several advantages over those of the still of Mink et aL 
First, by placing its condenser air duct above its evaporator air duct, the ASC design minimizes 
upward heat loss from its evaporator air duct. The still of Mink et al., on the other hand, relies 
solely on the insulating effect of its double glazed transparent cover to impede heat flow from its 
evaporator to the environment. As a result, the ASC still is able to achieve feedstock water 
temperatures in its evaporator air duct higher than those achievable in the evaporator air duct of the 
Mink still and also higher than those normally achieved in a greenhouse still. 

As mentioned earlier, the considerable length of the ASC still air ducts allows them to establish 

a large temperature differential between their opposite ends when air is passed through them. A 
substantial air path length is necessary in order to allow sufficient time for the blown air to effect a 
substantial change of temperature by either absorbing or discharging heat. The air flow path in th e 
still of Mink et al, however, is rather short, being only about 2 meters in length. Also that still uses 
a sheet of copper as a thermal exchange partition between its evaporator and condenser, with this 
p a rtitio n be ing in direct contact with its p e el of feedstock water. Th e short length of the Mink et al. 
s til l an d its- use of a relatively high thcrm al-e onductivity surface in its wall structure both serve to 
r e du ce th e magnitud e of the temperature g radient that the still is able to establish a l o ng t h e length of 
its air ducts. For example, measurements -sh ow that at its optimal air flow rate th e Mink et al solar 
still-develeps a temperature differential o f- only abo ut 3 to 4 ° C over 80% of its air duct length. By 
comparison, a 10 meter long ASC still would bo able to achieve a temperature differential of at least 
10° C between its cool end and hot end. This temperature differential would increase as the length 
of the still is increased, reaching 30° to 40 ° C for a 30 meter long still. With its large temperature 
differential, the ASC still is able to take a d vantage of the heating and cooling time lag of its advocted 
ai r t o develop a substantial temperature d if ferential (e.g. 3° C) between the evaporator air stream and 
its adjacent condenser air stream over m ost-e f the length of the still. By comparison, in the still of 



2Q-pereen^e f - th e a ir d uct length where c oe l outside air enters the evaporator duct depressing its air 
dueHempera tur e ab o ut 5° C relative to th a t of the condenser air duct below it. Consequently, th e 
ASC design more effectively recuperated t s heat of condensation for use in feedstock water 



The idea of a solar still that incorpora te s air inflated plastic film ducts as its entire structure, or 

as a ma j or p o rtion of its stru ct ur e, is a n eve l aspect of one construction of this invention. This has 




i entially no temp erate* 
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the advantage of allowing the still to be made portable for use in remote locations whoro a 
temporary supply of water is needed during a period of drought or other emergency. That is, the 
still may be rolled up into a compact bundle for storage or transport and later unrolled and inflated 
when needed to be put into operation. An inflatable ASC still is also useful in life support 
applications. For example, in the maritime application to lifeboat survival gear, its floor may be 
designed as an inflatable pontoon to allow the still to float on the ocean surface. 

F. Rom has patented an inflatable single pass solar air heater in 1975 (U.S. No. 3,908,631). 

According to this design, a fan was made to blow air down a long plastic film tube which had a 
light transmitting upper layer and a black solar absorbing lower layer. During its passage down th e 
length of the tube, the air was heated by contact with the hot floor of the tube and would exit at the 
far end of the tube where it would provide a source of hot dry air for some application such as for 
ventilating a grain elevator. This design also made use of a second light transmitting film overlying 
the first and inflated above it so as to provide extra thermal insulation for retaining heat within th e 
solar collector. G. Benjamin also patented a single - pass, inflatable solar air heater in 198 4 (U.S. 
No. 4, 4 5 8 .673) (non prior art). According to this variation, air is blown through a black central 
plastic air duct surrounded by a second inflated tube that is transparent on its upper surface and 
reflective on its lower surface. However, the Rom and Benjamin solar air heaters were not designed 
for the purpose of water distillation. Consequently, unlike the ASC still, these designs do not 
humidify t heir airstream. Also they do n o t reverse th e air flow at the hot end of th e ir air ducts so as 
t o dire ct t he flow back toward the cool e nd-o f their ducts so as to facilitate heat ex c hange between 



Other objects, advantages and novel features, and further scope of applicability of the present 
invention will be set forth in part in the detailed de scription to follow, taken in conjunction with the 
accompanying drawin gs, and in part will become apparent to those skilled in the art upon 
examination of the following, or mav be learned bv practice of the invention. The objects and 
advantaees of the inven tion mav be realized and attained bv means of the instrumentalities and 
combinations particularly pointed out in the appended claims. 

Brief Description of the Drawings 

FIGURE 1 is a cross sectional end view of a prior art greenhouse solar still. 

FIGURE 2 is a cross sectional side view of an advective solar collector still embodying the 
principles of the invention. 

FIGURE 3 is a perspective view of an end cross section of the still illustrated in FIGURE 2. 
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FIGURE 4 is a magnified end view of one edge of the advective solar collector still illustrated 
in FIGURE 2. 

FIGURE 5 presents a hypothetical example illustrating how air temperature would vary along 
the length of the upper and lower air ducts in an advective solar collector still. 

FIGURE 6 is a cut away perspective view of the still showing a pleated wick covering the floor 
of the still. 

FIGURE 7 is a cross sectional side view of the still showing sprinkler humidification. 

FIGURE 8 is a cross sectional side view of the still showing vertical vanes for inducing air 
turbulence. 

FIGURE 9 is a magnified end view of the left edge of an advective solar collector still that has a 
roof formed of two light-transmitting, flexible sheets. 

FIGURE 10 is a cut away perspective view of the hot end of the still showing a means for 
charging the air stream as it enters the upper air duct. 

FIGURE 11 is a top view of the floor of an advective solar collector still illustrating an 
arrangement of heat exchange pipes for utilizing waste heat from an external heat source. 

FIGURE 12 is a view of a solar farm composed of an array of adjacent solar still bays. 

FIGURE 13 is a top view of the central portion of the advective solar collector still designed to 
have a circular floor geometry. 

FIGURE 14 is an edge view of the circular advective solar collector still shown in FIGURE 13. 

Detailed Description of the Invention 

The primary embodiment of my invention is illustrated in FIGURE 2, FIGURE 3, and 
FIGURE 4 which depict a practical design of a single distillation bay 1 adapted to on-site 
construction. The still module is tubular in shape, about x h to 2 meters wide and 10 to 100 meters 
long. In one example, a bay module might measure approximately 1.1 meters wide and 20 meters 
long. The base of the still may be constructed by placing a series of plywood sheets 2, long-end to 
long-end, and nailing them to wooden beams 3, said beams being secured along the edges of the 
sheets so as to form an elongate basin. A sheet of insulation 4, such as high-density neoprene 
foam, or fiberboard, is secured to the upper surface of the plywood and is covered with a layer 5 of 
light-absorbing waterproof material which extends up the sides of the basin. Materials that could 
be used for this light-absorbing material include 45 mil thick EPDM (ethylene propylene diene ter 
polymer) membrane, butyl rubber sheet, dark silicone rubber membrane, or a heat scalable plastic 
such as black polyethylene film having a thickness in the range of 5 to 10 mils. The floor of the 
enclosure so formed is covered with a layer of feedstock water 6 to a depth of about half an inch to 
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a few inches. Alternatively, a fluid other than water may serve as the feedstock fluid for distillation . 
In a variation of this construction, plywood sheet 2 and insulating sheet 4 may be replaced by a slab 
of insulating concrete, e.g., either air entrained concrete or concrete made from a mixture of cement 
andperlite. Alternatively, a fluid other than water may serve as the feedstock fluid for distillation. 
Examples of such an alternate feedstock fluid woulfl be a slurry derived from the fermentation of 
wood pulp or other vegetation biomass that would-contain a mixture of water and methanol, and 
which would be distilled to produce a condensate having a high methanol-to-water ratio. 
Alternatively, the feedstock fluid for distillation might consist of unrefined oil and which would be 
distilled to produce a condensate having high concentrations of volatile petroleum components such 
as benzene. 

An arch-shaped baffle 7, measuring approximately 5 to 10 cm thick spans the width of the basin 
and is secured upright at one end of the bay. In one example, this baffle may be made from 
polystyrene foam. A fan 8 is mounted at the center of the baffle. A tube 9 made of light- 
transmitting plastic film and comprised of a lower layer 10 and an upper layer 11, overlies the basin 
and extends horizontally along the basin's length. 

The tube 9 may be composed of materials such as FEP, Teflon^ film materials such as PFA. 
FEP-L. Tefzel®, Tedlar®, or of other transparent film materials such as polyethylene , 
polyvinylchloride (PVC), or Mylar. FEP L Teflon ® film has PFA and FEP-L film have an 
expected life exceeding 20 years. Another Teflon film product called Tefzel has twice the strength 
of FEP, and its light transmission degrades only by about 3 percent over a 20 year time period, 
although its heat sealed seams have inferior strength . Tedlar®, polyetheylene, PVC, and Mylar® are 
not as desirable as Tefzel® or FEP since they deteriorate under long exposure to the ultraviolet 
component in sunlight. Use of PVC film is discouraged for drinking water applications since this 
plastic contains a plasticizer which could transfer into the hot distillate and contaminate the water 
supply. In the case where the feedstock water is heated primarily by solar energy, it is preferable to 
fabricate tu be 9 from a clear plastic film rather than from a film, such as black polyethylene or black 
PVC that is predomin antly opaque. However, in the instance where the feedstock water acquires its 
heat primarily from a n onsolar heat source external to the still, for example bv circulating 
geotherma l water or powerplant cooling water through a heat exchange pipe lying along the floor of 
the s til l, in such a case the still will produce distilled water even if tube 9 is fabricated from a plastic 
t hat is predominantly opaque. Nevertheless, the still's output will in this case be somewhat reduced 
due to its inability to effectively utilize the solar heat component since the incident solar radiation 
will no longer contribute its heat to the feedstock laver in the evaporator air duct. 

Tube 9 has a circumference of about 3 meters, a length about equal to the length of the basin, 
and its walls have a thickness typically in the range of 2 to 6 mils. As one example, when the tube 
is viewed in cross section, its lower layer 10 will have an arc length measuring in the range of 
[[1.20]] 1.05 to 1.35 times the width of the basin, while its upper layer 11 will have an arc length 
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measuring in the range of [[1.45]] 1.10 to 1.65 times the width of the basin. Tube 9 may be 
fabricated by heat sealing two elongate light-transmitting plastic films to one another at their outer 
edges. Each end of the tube also is heat sealed shut closed off according to one method by heat 
sealing together lower film layer 10, upper film layer 11, and insulating film layer 18. The film 
layers should include one or more pleated heat sealing seams oriented perpendicular to the edge 
heat seal seam so that the film layers do not develop kinks when the tube is secured to the floor of 
the still. As an allternative to heat sealing its end, the tube may be closed off at its two ends by 
securing the ends of its film layers in an artight manner to a rigid end wall piece whose cross 
section conforms approximately to the shape of the inflated tube . Near each of these its ends, the 
tube's lower layer 10 is breached by openings 12 and 13, each opening having a diameter measuring 
approximately 30% 20% to 70% of the width of the still. 

The edges of tube 9 are secured to layer 5 along the perimeter of the basin either by means of 
weights placed inside the tube along its edges, or by an attaching means such as strips of Velcro® 
or cupped film-gripping strips. The latter might consist of a cupped piece of plastic, one edge of 
which is fastened to the floor of the still and which would have sufficient flexibility to allow its 
opposing edge to be lifted sufficiently so that an edge of tube 9 and its interior condensate drain 
pipe could can be tucked underneath the strip. 

Lower layer 10 of tube 9 overlies baffle 7 and is secured or sealed to the baffle's upper edge 
either by means of glue, by heat sealing its surface to the baffle, by placing weights within the tube 
positioned directly over the edge of the baffle, or by pressure applied from a flexible hoop 14. 
Alternatively, the fan may instead be mounted in opening 12 so that it blows air into the lower air 
duct, the fan's baffle being secured at its perimeter to lower layer 10. 

When in operation, the fan inflates plastic film tube 9 so that lower and upper layers 10 and 11 
arch upward, as illustrated in FIGURE 3. The circumference of the tube measures about [[2.5]] 
2.15 to 3 times the width of the basin, thereby allowing the tube the freedom to bow upward when 
inflated. The lower layer 10 constitutes a light-transmitting partition that divides the air space of the 
still into a lower evaporator air duct 15 and an overlying upper condenser air duct 16. The fan 
draws air from the upper condenser air duct 16 through first opening 12 and exhausts it down the 
length of the lower evaporator air duct 15. This air then passes through second opening 13 to enter 
the upper condenser air duct 16 where it flows down the length of that air duct in a direction 
opposite to its flow in the lower evaporator air duct. Upon reaching the end of the upper air 
condenser duct, the air flows through first opening 12 to reenter the lower evaporator air duct, thus 
circulating in a closed loop. 

Since the floor of the still is fabricated of a dark, light-absorbing material, incoming sunlight 
will heat the layer of feedstock water covering it. As the fan's exhausted air passes down the length 
of the lower evaporator air duct, it becomes saturated by contact with the warmed water. Because 
water is evaporating and entering the airstream, a considerable amount of heat must be transferred to 
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the airstream in order to raise its temperature. Due to this heating time lag, or "thermal inertia," a 
temperature gradient forms along the length of the still, temperature increasing in the direction of air 
flow. The air reaches its highest temperature at the end of the evaporator air duct. Upon passing 
through second opening 13 into the upper air duct and reversing its direction to travel toward the 
cool end of the still, the air passes down the prevailing thermal gradient, losing heat to the tube's 
upper and lower film layers 10 and 11. Drops of water condense out of the airstream onto the 
tube's wall to collect along its lower edges to form a pool of condensate 17 which is in thermal 
contact with the layer of feedstock water 6 ? as seeA in the edge detail illustrated in FIGURE 4. 

Throughout the greater portion of the still, the air in the upper condenser air duct will be warmer 
than the air in the lower evaporator air duct. This is due to the time lag involved in heating the air in 
the lower air duct and the complementary time lag involved in cooling air in the upper air duct, as 
illustrated in FIGURE 5. As a result of this temperature inversion, heat will conduct and radiate 
through lower layer 10 from the upper to the lower air duct. The condensate 17 that collects at the 
edges of the plastic tube will generally be cooler than the upper air duct air stream, but warmer than 
the adjacent pool of feedstock water 6. Consequently, the upper surface of the peripheral conden- 
sate pool will serve as an additional surface upon which condensation will take place, and the heat of 
condensation so imparted will conduct through lower film layer 10 to warm the feedstock water. 

Teflon films such as FEP, Tofzol, or PVF have the advantage that thoy are hydrophobic so that 
w ater condenses on their surface in drop let s rather than as a smooth film. Research has shown that 
dr o pwis e co ndensation enhances the hea t-tra nsfer process . If the film partition between t he l o wer 
and upper air ducts is not inherently hydro pho bic, it is advisable to apply a light - transmittin g 
hydr o phobi c coating to the upper surfa ee-ef- the tube's lower film layer 10 to encourage dro plet 
eend ensati o n . Also a light transmitting ^iydrop hilic coating may be applied t o t h e un dersides-of 
both the lower film layer 10 and upper film layer U to discourage droplet formation and upward 
heat loss there. 

Teflon® films such as PFA, FEP, TefzeU or PVF are naturally hydrop hobic so that water 
condenses on their surface in dropl ets rather than as a smooth film. While dropwise condensation 
has the advantage of enhancing the heat transfer process, the presence of condensation droplets on 
the surface of the films has the disad vantage that it reflects incident solar radiation, thereby reducing 
the still's efficiency. In the instance where the still's feedstock water acquires its heat primarily from 
an external no nsolar heat source, light refl ection due t o dropwise condensation should not seriously 
degrade the operation of the still. However, in the- instance where the still is heated primarily hv 
solar radiation, it is advisable that the surfaces of film layers 10 and 11 fa c ing the interiors of the 
upper and l ower air ducts be made hvdrophilic. Teflon® films may be made hvdrophilic by 
roughening their surfaces or bv em bossing grooves in their surfaces. In the case where film layers 
10 and 11 are instead fabricated fr om polyethylene, films having anticondensate coatings are readily 
available at most greenh ouse supply stores , one example being Klerk K50 AC film. Also it is 
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advantageous for these film layers to be fabricated from a film that also has an infrared blocking 
coating, so as to inhibit the loss of heat through the roof of the still and thereby increase the overall 
temperature of the still Examples of such infrared blocking polyethylene films are Klerk K50 IR 
and Dura-Film^ 4 Thermal AC films. 

To insulate the upper surface of the still and impede the upward loss of heat, it is advisable to 
add an additional light-transmitting insulating layer 18 to cover the upper half of the tube as shown 
in FIGURE 2, FIGURE 3 and FIGURE 4. This insulating layer 18 may be made from a weather 
resistant heat sealable plastic film such as ¥EP PFA. FEP-L . or Tefzel® Teflon® film having a 
thickness of about 2 to 5 mils. This may be secured or heat sealed to the upper layer 11 of tube 9 
on either side of the tube nearest the basin periphery. A small external blower 19 would keep this 
outer film inflated with dry outside air so as to form a dead air space, or insulating air layer, between 
the two adjacent film surfaces 11 and 18. Alternatively, the insulating layer 18 may be fabricated of 
a light transmitting stiff, flexible sheet made of plastic or fiberglass that is sprung against the sides 
of the basin to form an arched tunnel. In one example, this flexible sheet might be composed of 4 0 
mil Sunlite ® fiberglass sheet produced by the Kalwall Corp. Alternatively, it may be formed of an 
8 mm thick double walled ribbed polycarbonate sheet such as Polygal ® . Such a flexible sheet 
would have the advantage of better protecting the still from external mechanical damage and also of 
being self supporting without the need for a separate external air blower. However, due to UV 
abs o rption , such sheets would deteriorate -a nd need to be replaced more frequently than if Teflon 
film wer e use d. F ib erglass sheet, for exa mp le, yell o ws and develops visible crazing of its outer 
surface after 10 years. Polycarbonate wo ul d retain its clarity for a longer period. Additional light 
transmi tti ng canopies may be added ov er-ins ulating layer 18 to creat e additional dead air spaces fo r 
be tter insulation and higher operating tem pe ratures . If plastic film is us e d , thes e added layers may 
be kept inflated by the same external blower 49t Air would enter the insulating air layer through 
tube 20 at the cool end of the still and would be vented through an exit tub® 20'. located at the hot 
end of the still. ' By m aintaining a continual through flow, air in the insulating air layer would be 
renewed several times per dav. thereby preventing the buildup of moisture that might diffuse in 
through the plastic film wall and ot herwise reduce the insulating quality of the air laver. Additional 
light-transmitting canopies may be added over insulat ing laver 18 to create additional insulating air 
layers for better insulation and higher operating temp eratures. If plastic film is used, these added 
layers may be kept inflated by the same external blower 19. 

In the case where t he feedstock water is heated primarily by solar energy, it is preferable to 
fabricate insulating layer 18 from a clear plastic film rather than from a film, such as black 
polyethylene or black PVC that is predominantly opaque. However, in the instance where the 
feedstock water acquires its heat primarily from a nonsolar heat source external to the still. in such a 
case the still will produce distilled water even if layer 18 is fabricated from a plastic that is 
predominantly opaque. 
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Insulating layer 18 may alternatively be fabricated of a light-transmitting stiff, flexible sheet 
made of plastic or fiberglass that is sprung against the sides of the basin to form an arched tunnel. 
In one example, this flexible sheet might be composed of 40 mil Sunlite^ fiberglass sheet produced 
by the Kalwall Corp. Alternatively, it may be formed of an 8 mm thick double walled ribbed 
polycarbonate sheet such as Polygal^ thermoformed into an arch shape. Such a flexible sheet 
would have the advantage of better protecting the still from external mechanical damage and also of 
being self supporting without the need for a separate external air blower. However, due to UV 
absorption, such sheets would deteriorate and need to be replaced more frequently than if Teflon 
film were used. Fiberglass sheet, for example, yellows and develops visible crazing of its outer 
surface after 10 years. Polycarbonate would retain its clarity for a longer period. 

To prevent a low pressure from forming in the air space directly behind the fan, the still 
incorporates an air vent tube [[20]] 21, typically about 2 cm in diameter, communicating from to a 
position behind the fan. to the outside atmosphere. If the entrance to this tube is left open to the 
outside atmosphere, the low pressure behind the fan will draw air into the still, thereby ensuring 
This ensures that a positive pressure with respect to atmospheric will be is maintained throughout 
the still when the fan is operating and that the structure of the still will remain inflated. Hence, in 
this instance the fan serves two purposes: a) to advect air down the length of the lower and upper air 
ducts and b) to inflate these air ducts. If the fan and its baffle are mounted in the lower evaporator 
air duct, vent tube [[20]] 21 would open into the lower air duct near the fan intake. If the fan and 
its baffle is instead mounted in opening 12, vent tube [[20]] 21 would open into the upper 
condenser air duct near the fan intake. In-t he case wher e th e fan is turned off during the night to 
conserv e po wer , t h e structur e may be kcp Hn flatcd by an auxiliary external blower 2i attached to th e 
air vent tube. If necessary, th e The floor of the still may be bridged by a series of arching struts or 
hoops so as to prevent the lower film layer 10 from collapsing onto the water surface during the 
night when the still has cooled and the fan is shut off to conserve power such .shut off periods . 

It is also advantageous to pressurize the solar still enclosure by means of an external blower 
attached to vent tube 21. It is preferable that vent tube 21 and tube 20 leading to the insulating air 
layer are both pressuri zed in common bv a single blower 19 so that a positive pressure differential 
is maintained across layer 11 so that this layer does not distend downward into the upper air duct 
and constrict its air flow . If vent tubes 20 and 21 are not joined and tube 21 is pressurized by 
means of a separate bl ower, the pressure applied to tube 21 should be slightly greater than the 
pressure applied to the insulating air layer. 

Saline feedstock is admitted into the still through a pipe 22, and if in the case where the 
temperature of this feedstock is close to ambient, it is discharged into pool 6 at the cool end of the 
still. Float valve 23 controls pump 24-to-ad mit feedstock water to th e still whenever the water level 
in the still's water pool drops below a p reset-l ower limit and to shut off when this level has risen to a 
preset upper limit . A float valve 23 controls pump 25 to admit feedstock water to the still actuating 
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pump 25 whenever the water level in said pool is empty or has dropped below a preset lower l imit 
and shuts off pump 25 when this level has risen to a preset upper limit To prevent salt deposits 
from building up, the concentrated brine remaining in pool 6 is periodically removed from the cool 
end of the still by pumping or draining it through pipe-22 pipe 24 . The same fluid pump 2 4 may 
be used both for filling tho pool (forward flow) and for emptying its waste brine (reverse flow). A 
double ball check valve 25 appropriately directs this flow, drawing from the feedstock source when 
the pump is operating in its forward mode and discharging the waste brine to a brine holding tank 
when the pump is operating in its reverse mode. The brine removal cycle may be made to preced e 
the feedstock inflow cycle. When the water level has dropped below a preset limit, float valve 23 f 
activates pump 25 1 to remove brine concentrate from the still through pipe 24. Float valve 23 would 
trigger at a lower water level than float valve 23* so th at the feedstock inflow cvcle would follow the 
brine removal cycle. As the water level rises with the activation of pump 25, brine removal pump 
25' is caused to shut off. Feedstock inflow to the pool and brine removal may be scheduled for 
night time hours when the feedstock pool has cooled so as to minimize heat loss from the still. 
Fresh water condensate collecting in condensate pool 17 along the edge of the upper air duct enters 
fresh water outlet pipe 26 that is immersed in this pool and which extends along the length of tube 
9, said condensate entering said pipe through perforations along its length. This pipe would convey 
this condensate out of the still at its cool end. 

Humidification of the lower airstream may be enhanced by covering the floor of the still with a 
light-absorbing pleated wick 27, as shown in FIGURE 6. This wick may be made of a water- 
absorbing fabric and arranged such that its pleats dip into the feedstock water. Thus, air blowing 
over the wet fabric encounters a greater surface area for evaporation. By fabricating this wick with 
an open weave and allowing it to float on the surface of the feedstock pool, the wick will maintain its 
light absorbing ability despite the build up of salts which mav collect at the bottom of the still . 
Alternatively, referring to FIGURE 7, humidification may be enhanced by spraying the input 
feedstock water into the airstream along the length of the evaporator chamber air duct . One way 
this could be done is by pumping this water through a perforated plastic sprinkler hose 28 of the 
sort used to sprinkle water on lawns. 

The humidification and condensation processes may also be improved by increasing the amount 
of airstream turbulence since turbulence increasesthe rate of heat transfer between the airstream and 
surrounding surfaces, thereby assisting heat transfer from the upper to the lower air duct. As one 
example, if the air passage has a perimeter of 3 meters and if air is advected through it at a speed of 
0.1 m/sec, the air flow will have a Reynolds number of 17,000 characteristic of turbulent flow, 
laminar flow becoming turbulent for Reynolds numbers above 10,000. Higher fan speeds will 
produce greater airstream turbulence and greater rates of heat transfer. However, excessively high 
fan speeds would have the disadvantage that the increased air flow resistance would place a greater 
power demand on the fan. Turbulence may also be increased by using two adjacent fans, rather 
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than a single fan, to blow air through the air ducts. In addition, turbulence may be increased by 
placing in the lower air duct a series of elongated vanes 29 oriented crosswise so as to deflect the air 
flow either upward or downward, see FIGURE 8. 

As shown in FIGURE 2, an evaporator heat exchanger coil 30 is situated in the upper air duct 
near the hot end of the still so that heat from the advected air will evaporate its contained working 
fluid liquid and assist in condensing water from the airstream. Also a condenser heat exchanger 
coil 31 is situated in the lower air duct near the cool end of the still downstream of the fan 8. Heat 
released from condensation of its contained working fluid vapor will be transferred to the advected 
air and assist in evaporating feedstock water. These heat exchangers are connected via pipes to a 
turbine or heat engine 32 so that the pressure differential of their working fluid may be harnessed to 
provide shaft power for generating electricity. This shaft power or electrical power may in turn be 
used to actuate the fan 8 or to provide surplus electrical power for a nearby utility grid. 

Referring to FIGURE 9, in another embodiment of the still, two light-transmitting, stiff, flexible 
sheets 11' and 18' would replace the upper light-transmitting plastic film layers 11 and 18 of the 
condenser air duct. The edges of the flexible sheets would be sprung against the basin curb boards 
to form arches separated from one another by a dead air space. This would leave a single light- 
transmitting plastic film 10* to serve as the partition between the evaporator and condenser air ducts. 
The edges of this film would be sealed to the edges of the flexible sheet on either side of the solar 
still bay. These arched tunnels would be capped off at either end of the bay by insulating end 
pieces. Plastic film 10 f would be appropriately gathered and secured at the ends of the bay so that 
its contained condensate does not mix with the feedstock water. 

To sanitize the distillate from any microorganisms that may enter it, a high voltage direct current 
source 33 may be used to ionize the airstream at the hot end of the still; see FIGURE 10. 
This source may typically have a voltage of 8000 volts or more. One electrical pole from this 
source (e.g., the negative) would be connected to an electrode or grid 34 which would be placed in 
the lower air duct air stream beneath opening 13 while the opposite electrical pole (e.g., the positive) 
would be connected to electrodes 35 and 35' lying at the edges of the upper air duct to charge the 
pool of condensate 17 accumulating there. As an added advantage, ions dispersed from grid 34 into 
the air stream and entering the upper air duct will cause a greater percentage of vapor to condense 
on layer 10, as opposed to layer 11. These negative ions will act as nuclei for vapor condensation. 
The nonconductive lower and upper layers 10 and 11 will become negatively charged as these 
negative ions contact their surfaces and the condensate accumulating at the edges of the upper air 
duct will acquire a positive charge from electrodes 35 and 35\ Hence the negatively charged 
condensation nuclei fog droplets will tend to be electrostatically repelled from surfaces 10 and 11 
and electrostatically attracted to condensate pool 17. As a result, a greater percentage of water vapor 
will condense at the edges of the still and a lesser amount will condense on upper layer 11 ensuring 
that a greater amount of heat will be recuperated by transfer through layer 10 to the layer of 
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feedstock water 6. Alternativel y, fabricating layers 10. 11. and 18 out of light-transmitting Teflon^ 
film has the advantage that the ul traviolet portion of the Sun's light spectrum is able to enter the still 
and naturally disinfect the water i nside. UV being lethal to microorganisms. Consequently, this still 
has the additional application of being useful for water disinfection. 

In the case where an outside hot water source is used to supplement heat received from solar 
insolation the incoming hot water coming for example from the output of a power plant cooling 
system would enter through inlet pipe 36 into the lower air duct of the ASC still at the still's hot 
end; see the top view shown in FIGURE 11. This pipe would connect to one or more heat 
exchange pipes 37 lying along the floor of the still 5 and aligned approximately parallel to the long 
dimension of the air duct. As the water flows toward the cool end of the still, it progressively drops 
in temperature as it gives up its heat to the surrounding layer of feedstock water covering the floor 
of the still. At the cool end of the still, these heat exchange pipes would connect to outlet pipe 38 
which would conduct the water out of the still and back to the power plant where it would be reused 
as cooling water. These heat exchange pipes may be made of corrosion resistant metal such as 
90:10 Cu/Ni alloy or plastic coated aluminum pipe. 

As illustrated in FIGURE 12, many elongated ASC still bays may be placed side by side to 
form a rectangular solar still farm module. By positioning several such modules end to end so that 
the hot ends of one group of still bays are situated near the cool ends of the adjoining group of still 
bays, the evaporator and condenser heat exchangers of adjacent bays may be brought into close 
proximity with one another to facilitate power generation. 

In a more portable version of the ASC still, light absorbing layer 5 may be fabricated from a 
heat sealable plastic film, in which case this film could be secured to plastic films 10 and 11 of 
plastic tube 9 and to the overlying insulating film 18 by heat sealing the edges of these films 
together along their perimeter, to be joined as shown in FIGURE 10. The junction between layer 5 
and layer 10 could be secured by means of a zipper or Zip-loc ® ziplock seal along part of this 
perimeter to allow the still's basin to be opened periodically for cleaning. Alternatively, this 
reseating means may he incorporated into layer 5 at either end of the, still In this portable version, 
fan 8 would more appropriately be mounted in first opening 12, as shown in FIGURE 8. To 
reduce heat loss, the floor of the still could be laid upon a thin, lightweight layer of insulation such 
as 1/4 inch thick Nanogel® panels. For remote locations where electricity is unavailable, the still's 
fan and water pumps could be powered by a small photovoltaic panel and associated rechargeable 
battery. 

In addition to being designed to lie flat along the ground, the ASC still bays may also be 
designed to be inclined or oriented vertically along the wall of a building. The hot end of the still 
• would be at the highest elevation and cool end of the still at the lowest elevation. In this way, the 
chimney effect would aid transport of the air up the evaporator chamber air duct and then down the 
condensing chamber air duct. The feedstock water to be distilled would be pumped from an 
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internal feedstock reservoir at the lower most, cool end of the still through a pipe the bottom to the 
top of the still and at intervals along the way would be sprayed onto the floor of the stilL or 
alternatively onto a fluid-absorbing, light-absorbing wick surfaee covering the floor of the still* and 
allowed to flow or drip downward to finally accumulate in the reservoir. This The wick could be 
made of black plastic fiber carpeting material or fabric. Float controls for controlling the emptying 
and refilling of the feedstock reservoir would be located in the reservoir . Distillate would flow 
down the length of th e condenser air duct and would accumulate at said air duct's cool lower end 
where it would be conveyed out of the still . 

The ASC still may also be made to operate at an incline when designed to distill warm brackish 
water produced from oil and gas wells or from geothermal wells in which a rather large through 
flow of feedstock water would be maintained on a relatively continuous basis. For example, the 
floor of the still might be designed to have a grade of about one centimeter drop for every meter of 
length from the hot end to the cool end of the still. Hot feedstock water would enter and flow onto 
the floor of the still at the hot end, gradually flow down the length of the still, forming a thin layer 
over the floor of the still (e.g., about 5 mm deep), and then drain from the still at the cool end. At 
midday the entering feedstock water could be cooler than the temperature of the feedstock water 
within the still with which it mixes. However, this incoming water should rapidly heat up to the 
still's maximum temperature. Alternatively, during such periods of peak insolation, the still could 
draw its fe edstock water primarily from an internal reservoir . 

In another embodiment of the disclosed invention, the ASC still may be designed to have a 
circular, rather than an elongated rectangle footprint geometry. Referring to FIGURE 13 and 
FIGURE 14, a circular basin having a light-absorbing floor 5 is filled with a layer of feedstock 
water 6 to a depth of one or two inches. The basin is covered by light-transmitting plastic film roof 
layers 11 and 18 which are attached at their peripheries to floor 5 and which together with floor 5 
form an enclosure. Roof layers 11 and 18 are spaced approximately 2 inches from one another by 
an intervening inflatable air layer to reduce heat loss through the roof of the still. An intermediate 
light-transmitting layer 10 is situated between light absorbing floor 5 and light-transmitting layer 
11, dividing the still's interior air space into lower 15 and upper 16 air spaces or air ducts. A high- 
volume blower 8 draws heated and humidified air from the lower evaporator air duct causing air to 
flow radially inward from the cool periphery of the still to its hot center. Said air is warmed and 
humidified as it passes over the surface of the shallow solar heated pond of feedstock water. The 
air then passes through first opening 39 into blower 8 which exhausts this air into the upper air duct 
where water condensation occurs as the air passes from the hot center to the cooler periphery of the 
still Upon reaching the still's periphery, the airstream reenters the lower air duct through second 
opening 40, a connecting edge air passage that extends around the periphery of the still, the width of 
this passage being comparable to the height of the upper or lower air duct. By designing the still so 
that light-transmitting layer 10 slopes from the center of the still downward toward the periphery of 
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the still, condensate may be induced to run off into a collection trough 41 girdling the periphery of 
light-transmitting layer 10. As in the elongated ASC solar still embodiment, concentrated brine 
would be periodically removed from the basin at the cool end of the still to prevent salt build up. 

The tight-transmitting plastic film layers 10, and 11, are supported at periodic intervals by a 
series of poles 42 and cables 43 designed to keep the films erect against the positive pressure 
created in the upper air duct and negative pressure created in the lower air duct. These poles would 
be of sufficient length to space this layer from the feedstock water basin so as to allow a sufficient 
space for air flow. Alternatively, layer 11 may be supported by the positive pressure developed in 
the upper air duct when the blower is operating provided that an air vent communicates between the 
space behind the blower intake and the outside air to allow pressure equalization. 

Alternatively, the still may be designed so that blower 8 instead blows air through the lower air 
duct from the center to the periphery of the still, the air then passing into the upper air duct through 
second opening 40 and then flowing from the periphery to the center of the still where it again 
passes through first opening 39 into blower 8. In this case, the cooler end of the air path would be 
at the still's center, where the blower is located, the periphery of the still now being the warmer 
extremity. 

In the case where an ASC still of circular configuration is designed to use an external source of 
hot water to supplement solar heat captured through the still's roof, hot water would be conducted to 
the hot end of the still and allowed to pass through heat exchange pipes to the cool end of the still 
where the water would exit. In the situation where this external hot water source is cooling water 
conveyed from the heat exchanger of a remote power plant, this cool exit water may be returned to 
the power plant heat exchanger for reuse, thus flowing in a closed-loop. As in the tubular ASC still 
described earlier, the heat exchange pipes would lie along the floor of the still and would be 
immersed in a layer of feedstock water, thereby allowing the water's heat to be transferred to the 
surrounding water. In this circular configuration, the pipes would be arranged radially with respect 
to the center of the still. In the case where air in the lower air duct blows toward the center of the 
still, making the center of the still hot and the periphery cool, this external source of hot water would 
enter the still near its center and flow toward the still's periphery where it would exit. In the case 
where air in the lower air duct is advected toward the periphery of the still, making the periphery of 
the still hot and the center cool, this external source of hot water would enter the still near its 
periphery and flow toward the still's center where it would exit. 

The circular version of the ASC solar still may be designed so that it is able to extract energy 
from its internally created temperature gradient. In the configuration where blower 8 pulls air 
inward through the lower evaporator air duct, the power plant's evaporator heat exchanger coil 44 
would be centrally situated in a ring around the central blower. As the air passes through this coil a 
portion of its water vapor would condense and be gathered in an underlying fresh water collection 
trough 41' for removal. The power plant condenser heat exchanger 45 could be located outside of 
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the still and be cooled by pumping cooling water from a nearby water source. A portion of the 
cooling water outflow would be diverted to the floor of the solar still via pipe 46 to supply preheated 
feedstock water to the floor of the still. Condenser heat exchanger 45 may alternatively be situated 
within one of the still's air ducts at the cooler end of the still. The working fluid pressure difference 
generated between the evaporator and condenser heat exchangers could be made to drive a turbine- 
generator 32 located at the geometrical center of the still. If the air is instead made to flow outward 
through the lower evaporator air duct, evaporator heat exchanger 44 would instead be located at the 
periphery of the still and, if placed within the still, condenser heat exchanger 45 would instead be 
located near the center of the still which would now be the cooler extremity. 

I t should bo understood that the foregoing disclosure emphasizes certain specific embodiments 
of the invention and that all modifications or alternatives equivalent thereto are within the spirit or 
scope of the invention as set forth in the appended claims. 

Industrial Applicability : 

The invention is further illustrated bv the following non-limiting examples. 

Example 1 

Taking as an example the use of power plant waste heat, hot cooling water exiting from the heat 
exchangers of a power nlant would be piped to an array of adjacent ASC solar still bays and made 
to flow through heat ex change pipes lying on the floor of each bav and directed along the bay's 
length. This water wo uld flow through these pipes from the hot end of the still to its cool end. 
giving up its heat to the feedstock water that covers the floor of the still and surrounds the heat 
exchange pipes. These heat exchan ge pipes would ensure that the power plant cooling water does 
not mix with the still's s aline feedstock water. This cooling water would exit the still at its cool end 
and be piped back to the power pla nt heat exchangers at a lower temperature. Since the cooling 
water would flow in a closed loop, the ASC solar still would serve as a cooling loop for the power 
plant for air conditioner^ thereby ta king over the function normally carried out bv a wet or drv 
cooling tower. Such co-generation is particularly advantageous in arid areas where water is scarce. 
By recycling its cooling water through the ASC still, such an arrangement would conserve water 
that would otherwise b e evaporated as cooling water in a cooling tower. Furthermore bv using its 
waste heat to distill bra ckish ground water, a power plant combined with an ASC still would 
function as a net produ cer of fresh water, rather than as a net water consumer. 

During daylight hou rs, the temperature of the feedstock water on the floor of the still could rise 
above the water temper ature passing into the still's heat exchange pipes due to the added caloric 
input of the incident solar energy. In such a case, it is advisable to control the inflow of power plant 
cooling fluid to the hot e nd of the still bv means of a temperature controlled valve which shuts off 
this flow when the wat er temperature at the hot end of the still exceeds some preset value 
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approximating the temperature of this power plant cooling fluid. During this shut off period, the 
still would evaporate water from the feedstock pool that covers its floor, and the power plant cooling 
fluid outflow would he diverted to a hot fluid storage tank for later use bv the still when the still's 
temperatur e had dropped sufficiently to allow fluid flow to resume through its heat exchange pipes. 
The fluid outflow from the still's heat exchange pipes would be directed to a cool fluid storage tank 
which the power plant heat exchanger may draw upon during daylight hours when fluid flow 
through the still's heat exchange pipes is shut off. The use of the ASC still in conjunction with a 
pow er plant heat exchanger is illustrated in FIGURE 11 where the power plant's heat exchanger 
would serve as the external heat source- 
Example 2 

In some situations where the external hot water source is itself brackish and in need of 
distillation, there woul d be no need to separate the external source of hot water from the pool of 
brackish feedstock water being evaporated in the still. E xamples would include water from a 
geothermal well or saline water produced from oil an d gas wells, which often can reach 
temperatures as high as 190° F. In such cases, no heat exchange pipes would be needed. The 
external source of hot w ater would he made to enter at the hot end of the still and allowed to mix 
with the pool of feedstock water. Cool feedstock water would then drain from the cool end of the 
still at a lower rate. A drain pipe h aving its entrance one or two inches above the floor of the still 
would automatically reg ulate the height of the water in the still. The flow of feedstock water 
through the still may be relatively hig h in cases where a substantial amount of the cooled produced 
water must be pumped underground to prevent excessive subsidence of the land due to oil, gas, and 
water extraction. In such instances the waste brine outflo w from the still for reiniection could he 
50% of the still's input feedstock flo w rate. In cases where no brine reinjection is necessary, the 
brine outflow rate would be determi ned hv the need to prevent salt precipitation within the still. In 
such a case the outflow rate mav be o nly 1 5% of the inflow rate. As in the case where the ASC still 
functions as a cooling loop for a po wer plant, a temperature controlled valve could he made to shut 
off the inflow of hot feedstock water when the water temperature at the hot end of the still had risen 
above some preset value approximatin g the temperature of the incoming feedstock water- 
In the application to desalinating geothermal water fo r use in crop irrigation, distillation havs 
which normally would be placed adjacent to one anothe r mav be separated from one another and 
interspersed with rows of crops. In th is wav. solar and geothermal heat that escapes from the still 
mav be used to heat crops, thereby extending t heir growing season and protecting them from frost 
in winter months. To further captu re this escaping heat, these alternating rows of distillation havs 
and crops mav he enclosed within a greenhouse. In the past greenhouses have been heated with 
geothermal heat. In the above prop osed application of this invention, water desalination would he 
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synergistic ally combined with agriculture so that a greenhouse would produce both crops as well as 
the water used to irrigate them. 

The preceding examples can be repeated with similar success bv substituting the generically 

or specific ally described reactants and/or operating conditions of this invention for those used in the 

preceding examples. 

Although the invention has been described in detail with particular reference to these 
preferred embodiments, other embodiments can achieve the same results. Variations and 
modifications of the pre sent invention will be obvious to those skilled in the art and it is intended to 
cover in the appended claims all such modifications an d equivalents. The entire disclosures of all 
references, applications, patents, and nublications cite d above are hereby incorporated bv reference. 
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